INTRODUCTION {#sec1-1}
============

The evaluation of pulmonary and mediastinal lesions requires thoughtful integration of clinical and radiologic information along with judicious tissue sampling. This multidisciplinary approach facilitates the pathologic diagnosis of benign, reactive, or inflammatory, and malignant disease, as well as appropriate staging as needed. The various modalities of tissue collection have evolved over the years from more invasive approaches, such as mediastinoscopy and open lung biopsy, to the utilization of minimally invasive techniques, including exfoliative cytology, bronchial brushings and washings, and transbronchial or computed tomography-guided fine needle aspiration (FNA) cytology. The endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) has proven itself to be a useful tool in the diagnosis, as well as staging, of malignant tumors of the lung and in the assessment of mediastinal lymphadenopathy.\[[@ref1][@ref2]\] The immediate on-site evaluation of EBUS-TBNA samples by a pathologist can serve to guide the clinicians as to the accuracy, as well as the adequacy, of biopsy samples. In addition, the on-site preliminary diagnosis can be helpful in determining the need for either sampling of additional sites for tumor staging or the need to switch to invasive procedures such as mediastinoscopy. Furthermore, on-site evaluation can also be used to triage specimens for ancillary laboratory testing, such as molecular studies, cultures, and flow cytometry. While the advantages of on-site evaluation have been demonstrated for numerous sites and procedures, few studies have specifically investigated its utility in the assessment of EBUS-TBNA specimens.

The intention of this study was to explore the utility of on-site evaluation of EBUS-TBNA specimens; specifically does on-site evaluation improve diagnostic yield of EBUS-TBNA procedures and how it impacts clinical decision making? We sought to address the first question by evaluating a series of end points including specimen adequacy (assessed by nondiagnostic rates, generation of cell block material, and application of immunocytochemical stains and special stains). We queried the latter question by examining the impact of on-site evaluation on the acquisition of surgical pathology biopsy specimens, the number of FNA specimens collected and sites sampled, as well as specimen triaging (flow cytometry). Finally, we evaluated the overall diagnostic accuracy of on-site evaluation in the cohort (as shown by the agreement with the final cytopathologic diagnosis and site-specific surgical pathology follow-up (when available)).

MATERIALS AND METHODS {#sec1-2}
=====================

An electronic search was performed using the pathology database at the Hospital of the University of Pennsylvania to identify all EBUS-TBNA specimens collected from January 2010 to June 2010.

Data from a total of 294 specimens were reviewed, representing material from 149 patients. Pathology reports were retrieved and the following data points were collected: number of sites sampled per patient, location of site(s) sampled, on-site evaluation performed, preliminary on-site diagnosis rendered, final cytologic diagnosis, surgical pathology follow-up, presence of cell blocks, and ancillary studies performed.

The decision as to whether rapid on-site evaluation (ROSE) is performed for a given site is determined by the Interventional Pulmonary Department clinicians. Once the clinicians decide to pursue ROSE, cytopathology is contacted and teams consisting of a cytopathology attending, cytopathology fellow, and, in many instances, a resident go on site to evaluate the EBUS-TBNA performed by the clinicians. All EBUS-TBNAs are performed by experienced bronchoscopists with the assistance of trainees. When on-site, the first portion of the specimen expressed from the aspirating needle is split into two slides: one prepared as a Diff-Quik smear (evaluated on-site) and the other which is fixed in 95% alcohol (for Papanicolaou staining). The remaining material present within the needle is rinsed in Normosol^®^ and processed in the laboratory as a ThinPrep^®^, and if enough material remains, a cell block. The number of passes performed per site is determined by the clinician. As part of on-site evaluation, the attending cytologist assesses adequacy, as defined by site-specific tissue identified or tumor present, as well as renders a preliminary diagnosis.

The preliminary on-site diagnoses were subcategorized into positive for malignancy, indeterminate, and negative for malignancy. Final diagnoses were subcategorized as positive for malignancy, negative for malignancy with granulomas present, indeterminate, and negative for malignancy. The indeterminate category for both the preliminary on-site diagnosis and the final diagnosis included atypical cells present and nondiagnostic specimens. Nondiagnostic specimens included those specimens where inadequate material was recovered and site-specific tissue was not seen (no lymphocytes seen in a specimen called a lymph node). In other words, we used nondiagnostic as the preliminary diagnosis for specimens where ROSE failed to provide adequate on-site material for review. Further, "nondiagnostic" as a final diagnosis was used in cases where additional sampling would be needed to rule out/rule in the presence of malignancy. Specimens characterized as negative for malignancy included those in which site-specific tissue was present, but no malignant cells were noted.

Ancillary studies included immunocytochemical stains, special stains for acid-fast and fungal organisms, and flow cytometry. Molecular testing and acquisition of cultures at our institution is based on clinician request and is not reflexively performed. These data were not reviewed for the current study.

RESULTS {#sec1-3}
=======

The case cohort included 294 specimens representing 149 patients. Sixty (40%) patients had 1 specimen collected and 89 (60%) patients had more than 1 specimen collected. Of the 294 specimens, 264 (90%) were designated as lymph nodes and 30 (10%) were designated as lung mass lesions. On-site evaluation was requested by the bronchoscopists for 140 of 294 (48%) specimens; of these, 128 (91%) were lymph nodes and 12 (9%) were lung mass lesions \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. On-site evaluation was performed in 40 (67%) patients in whom only one site was sampled as compared with 62 (70%) patients where more than one site was sampled.

###### 

Lymph node specimen data overview
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###### 

Lung mass specimen data overview
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The on-site diagnosis was concordant with the final cytologic diagnosis in 104 (74%) and discordant in 36 (26%) cases. The reasons for disagreement included sampling error in 28 (78%) cases (diagnostic material not seen on-site, but seen on the final preparations (alcohol fixed smear, ThinPrep, and cell block)) and interpretative errors in 8 (22%) cases. The interpretative errors were mainly due to cases diagnosed as "atypical cells" on-site, with a final diagnosis of negative for malignancy in 7 cases, and 1 case interpreted as atypical lymphoid proliferation on preliminary evaluation, with a final diagnosis of malignant epithelial neoplasm \[[Table 3](#T3){ref-type="table"}\].

###### 

On-site percent agreement/disagreement between preliminary diagnoses rendered on-site and final cytologic diagnoses
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Diagnostic specimens were obtained in 132 of 140 (94%) cases with on-site evaluation and 138 of 154 (90%) without on-site evaluation. The final cytologic diagnosis was malignant in 60 of 132 (45%) cases with on-site evaluation and 46 of 138 (33%) without on-site evaluation \[[Table 4](#T4){ref-type="table"}\], whereas a benign diagnosis was rendered in 57 of 132 (47%) with on-site evaluation and 82 of 138 (59%) without on-site evaluation. Granulomas were identified in 25 cases; of these, 15 of 132 (11%) cases had on-site evaluation. The final cytologic diagnosis was indeterminate in 24 cases; of these, on-site evaluation was performed in 8 of 24 (33%) cases \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. A cell block was obtained in 129 of 140 (92%) cases with on-site evaluation and 136 of 154 (88%) cases without on-site evaluation \[[Table 5](#T5){ref-type="table"}\].

###### 

Malignant final FNA diagnoses rendered
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###### 

Ancillary studies
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EBUS-TBNAs of lymph nodes were diagnosed as benign (including granulomatous inflammation) in 159 (60%), malignant in 86 (33%), atypical in 16 (6%), and nondiagnostic in 3 (1%) cases \[[Table 1](#T1){ref-type="table"}\]. EBUS-TBNAs of lung masses were diagnosed as malignant in 20 (67%), benign in 5 (17%), atypical in 2 (6%), and nondiagnostic in 3 (10%) cases \[[Table 1](#T1){ref-type="table"}\]. Of the 106 cases diagnosed as malignant on final cytology, on-site evaluation was performed in 60 (57%) \[[Table 2](#T2){ref-type="table"}\].

Ancillary studies recorded included immunocytochemistry, flow cytometry, and special stains. Immunocytochemistry was performed in 63 of 294 (21%) specimens \[[Table 5](#T5){ref-type="table"}\]. In all except 1 case, immunostains were performed on unstained cell block slides. Flow cytometry was performed in 17 cases; of these, all except 1 case had on-site evaluation. The one case without on-site evaluation was the only case diagnosed as lymphoma. Special stains for AFB and Grocott were performed on representative specimens from all patients with granulomas identified on the cell block material.

The surgical pathology follow-up was available in 140 of 294 (48%) cases. Malignant diagnosis was rendered in 77 of 140 cases \[[Table 6](#T6){ref-type="table"}\]; the diagnoses were adenocarcinoma (25 of 77), squamous cell carcinoma (13 of 77), poorly differentiated carcinoma (30 of 77), small-cell carcinoma (5 of 77), metastatic adenocarcinoma (2 of 77), and mesothelioma (2 of 77). The site-specific surgical pathology follow-up (biopsy material from the same site as EBUS-TBNA) was available in 42 of 140 (31%) cases. Diagnoses were benign (including granulomas) in 23 of 42 (55%), malignant in 14 of 42 (33%), atypical in 3 of 42 (7%), and nondiagnostic in 2 of 42 (5%) cases \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Malignant surgical pathology final diagnoses
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Lymph node specimens obtained by the EBUS-TBNA with on-site evaluation had surgical pathology follow-up in 52 of 128 (40%) cases and site-specific follow-up in 11 of 128 (9%) cases \[[Table 1](#T1){ref-type="table"}\]. Final FNA diagnoses correlated with site-specific surgical pathology follow-up in 9 cases: 8 cases were benign (including granulomas) and 1 was malignant. In the remaining 2 cases, 1 was diagnosed as poorly differentiated carcinoma with squamous differentiation on FNA and the surgical pathology follow-up was diagnosed as atypical. The second case diagnosed as granulomatous inflammation on the FNA was deemed nondiagnostic on surgical pathology.

Surgical pathology follow-up was available in 5 of 30 cases of lung mass with on-site evaluation. Site-specific follow-up was available in 4 cases: 3 were diagnosed as benign and 1 as malignant by cytology. The 3 benign diagnoses rendered by cytology corresponded to 2 cases also diagnosed as benign on surgical pathology and 1 case diagnosed as a neurofibroma by surgical pathology. The 1 case called malignant on cytology was from a specimen showing metastatic papillary thyroid carcinoma. The surgical pathology in this case was negative. The case with non-site-specific follow-up was diagnosed as adenocarcinoma on both FNA and surgical pathology.

A malignant diagnosis was rendered during on-site evaluation in 35 specimens \[[Table 6](#T6){ref-type="table"}\]. A concomitant surgical biopsy specimen was collected in 10 of 35 (28%) cases; the surgical pathology diagnoses were malignant 8, atypical 1, and benign 1 case. Of specimens where a benign diagnosis was rendered during on-site evaluation, 21 of 37 (57%) specimens had surgical pathology follow-up, 7 of which had site-specific follow-up (all 7 specimens were lymph nodes) \[[Table 7](#T7){ref-type="table"}\]. Of the 7 site-specific biopsies performed, 6 were diagnosed on surgical pathology biopsy as benign and 1 was diagnosed as nondiagnostic. Of the remaining 14 cases with non-site-specific surgical pathology follow-up, 10 were diagnosed as benign, 3 were diagnosed as malignant, and 1 was found to be nondiagnostic.

###### 

Specimen-specific surgical pathology follow-up data for benign and malignant on-site diagnoses

![](CJ-8-20-g007)

DISCUSSION {#sec1-4}
==========

During the current era of personalized medicine, the FNA service has become an essential part of clinical management and decision making. A frequently cited reason for on-site evaluation is to procure adequate specimen. A few studies have been published proposing criteria for specimen adequacy indicators; however, to date, no universally endorsed approach exists.\[[@ref3]--[@ref5]\] At our institution, as explained above, specimens are considered adequate if site-specific tissue is identified (lymphocytes for lymph nodes) or lesional tissue is identified. In general, the use of cytologic on-site evaluation has been shown to improve the diagnostic yield of specimen collection for a variety of sites, such as head and neck, pancreas, lung, and the mediastinum.\[[@ref6]--[@ref11]\] Although interpretive pitfalls exist, several studies have shown that the concordance rates for preliminary on-site and final cytologic diagnosis can be similar to those reported for frozen section consultation.\[[@ref12]--[@ref16]\]

Transbronchial needle aspiration biopsy (TBNA) is widely accepted as a relatively minimally invasive, reliable alternative to mediastinoscopy for the diagnosis, and staging of malignant lung and mediastinal lesions. The use of on-site evaluation in conjunction with TBNA has been shown to improve the diagnostic yield of the transbronchial biopsy procedures.\[[@ref1][@ref6][@ref7][@ref17]\] While the use of on-site cytology in the setting of EUS-FNAs of gastrointestinal and mediastinal sites has been extensively investigated and shown to improve diagnostic yield and patient care, to date few studies have specifically addressed the utility of on-site evaluation of EBUS-TBNA specimens.\[[@ref8]--[@ref10]\]

In this study of EBUS-TBNA specimens, 74% of our preliminary and final cytologic diagnoses were concordant while 26% were discordant. The latter were primarily due to sampling error (diagnostic material not seen on-site, but seen on the final preparations (alcohol fixed smears, ThinPrep, and cell block)). There were no false-positive cases. These figures are within the realm of what has been reported in the literature.\[[@ref3][@ref17]--[@ref21]\] Interestingly, our current study demonstrates no remarkable difference in diagnostic yield between specimens collected via EBUS-TBNA with or without on-site evaluation. Unlike what has been reported for TBNA samples, these findings suggest that on-site evaluation in the setting of EBUS-TBNA may be of no benefit with respect to the acquisition of robust samples.\[[@ref17][@ref22]\] We believe this may be explained by the employment of ultrasound during EBUS-TBNA procedures, which results in accurate and better sampling of the targeted lesion. Furthermore, our data also suggest that in the setting of suspected sarcoidosis, the on-site evaluation of specimens is unlikely to result in a preliminary diagnosis of granulomatous inflammation as virtually all diagnostic material was identified in cell block material.\[[@ref23]\] Nonetheless, with respect to the overall acquisition of diagnostic specimens, we cannot entirely exclude that our results reflect experienced EBUS operators and may not be applicable to other institutions.

Numerous authors have reported the advantages of immediate on-site evaluation of cytology specimens.\[[@ref24]--[@ref26]\] While seemingly intuitive, it has been shown that the presence of on-site cytology assessment can positively impact the diagnostic yield of an interventional procedure translating into a significant savings in health-care dollars and improved patient care.\[[@ref6]\] At the same time, it is widely acknowledged that due to current Medicare compensation schedules, cytopathologists are insufficiently compensated for the time spent on-site, rendering this practice model financially problematic for many pathology groups.\[[@ref6][@ref24][@ref25][@ref27]\] The benefits of direct communication between clinicians and pathologists and the advantage of on-site triage of specimens for ancillary studies are self-evident and frequently commented upon in the literature.\[[@ref18]\] Along these lines, we noted that despite roughly equivalent malignant diagnoses, immunohistochemical stains were used more often in cases where on-site assessment was performed (63% *vs* 37%) and that flow cytometry was requested more often when cytopathology was present on-site (94% vs 6%).

Our finding of an equivalent diagnostic rate between specimens with and without on-site evaluation is an interesting finding. This raises the question of whether on-site assessment improves diagnostic yield in all settings and for all procedure types and whether it is truly universally a cost-saving procedure. In this limited study, we have demonstrated that in the setting of EBUS-TBNA, the presence of on-site cytology services does not impact the rate of diagnostic specimens, nor does it decrease the number of sites sampled per patient. Thus, if the rationale for on-site cytology is to achieve specimen adequacy and to save the patient, and the health care system, additional sampling or a repeat procedure, at our institution, the additional health-care dollars spent for on-site services (88172 and 88177) do not result in added clinical benefit.

The final argument for on-site evaluation of specimens is that a preliminary diagnosis enables the clinician to make prompt management decisions and to acquire additional samples (i.e., surgical pathology biopsies) if needed. While it is true that cases with on-site evaluation are more likely to be triaged for flow cytometric analysis, whether this additional test contributed significantly to the pathologist\'s ability to render a diagnosis is not immediately clear. As regards specimen adequacy, our data shows that in cases where one might argue that additional material should be collected i.e. cases diagnosed on-site as atypical or nondiagnostic, surgical pathology follow-up was available in only 3 of 68 (4%) cases. Alternatively, in cases where on-site preliminary diagnosis was malignant (35), surgical pathology follow-up was still obtained in 10 of 35 (29%) cases. Similarly, a surgical biopsy was obtained in 21 of 37 (57%) cases with benign on-site interpretation. The rendering of a malignant diagnosis during on-site evaluation should indicate to the clinician that diagnostic material has been obtained and adequacy for ancillary studies has been achieved. If the goal of the EBUS-TBNA is to diagnose and stage a pulmonary malignancy, then by obtaining a positive on-site diagnosis from a specific lymph node station represents adequate tissue sampling. Instead, our data suggest that the clinicians at our institution, despite achieving the stated goal of the procedure, still persist in obtaining additional specimens in the form of surgical biopsies. By the same token, one might expect that an on-site benign diagnosis from a clinically suspicious lymph node may raise concerns of inadequate sampling, leading to additional specimens/passes to ensure accurate staging. This explains the trend toward increased numbers of biopsies in cases where a benign diagnosis was rendered during on-site evaluation. This may also reflect the simple fact that if the procedure is performed for diagnostic and staging purposes while a benign nodal aspirate may stage the patient, an ultimate diagnosis of malignancy can only be achieved by the acquisition of additional tissue.

CONCLUSION {#sec1-5}
==========

In conclusion, our limited study demonstrates that at our institution, EBUS-TBNA facilitates the collection of adequate material for pathologic diagnosis and that on-site evaluation does not increase the diagnostic yield of EBUS-TBNA specimens or immediately impact patient care.
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